The offshore macrozoobenthos and selected environmental parameters were studied in a small artificial reservoir, created through sand and gravel extraction. The results are rather surprising. Despite the shallow depth and good wind exposure of the reservoir, a thermal and oxygen stratification developed in the summer, causing hypoxic conditions near the bottom, even though the organic matter content in the sediments was <5%. Furthermore, despite the high fish abundance, chaoborids prevailed in zoobenthos, while Tanytarsus sp. and Chironomus sp. co-dominated among chironomids. This study attempts to explain the observed phenomena, though the presented hypotheses still need further confirmation.
INTRODUCTION
With the development of agriculture and industry, two opposing processes are changing the nature of water bodies. On the one hand, natural water bodies are disappearing in many areas, while on the other hand, various artificial, anthropogenic reservoirs are constructed. The latter differ from one another in many aspects, such as their origin, size, functioning, role played in the environment and many other features. They include dam reservoirs, farm ponds, pits left behind after gravel, sand and clay extraction, flooded old strip mines and quarries and subsidence basins. Apart from the two former, they are created accidentally, as a side effect of other human activities. However, Kerepeczky et al. (2003) suggest building small artificial reservoirs to act as waste collectors, to protect lakes and rivers from receiving the contamination load. The only common feature of artificial reservoirs is their strong contribution to the increase of habitat heterogeneity, especially in areas devoid of natural water bodies. Therefore, they positively affect biodiversity, both in their direct neighbourhood and, due to changes in local water conditions, even at a long distance from them.
Of the many various types of artificial water bodies, only dam reservoirs and farm ponds have been extensively studied by hydrobiologists. Other kinds of reservoirs are often neglected in hydrobiological studies and handbooks of freshwater biology. Their ecological characteristics have been evaluated by Puchalski (1985) . Particular aspects of functioning of anthropogenic reservoirs were studied by Strzelec&Serafiński (2004) , who described their malacofauna and also provided some general information on these ecosystems, as well as by Ejsmont-Karabin (1995) , Wollman et al. (2000) and Ślusarczyk (2003) , who investigated zooplankton. Some data on the hydrochemistry of these water bodies can be found in Galas (2003) . A few studies concerning benthic organisms have been carried out by Canton&Ward (1981) and Dumnicka&Galas (2006) . Furthermore, some studies dealt with specific benthic taxa, e.g. Oligochaeta (Dumnicka&Krodkiewska 2003) or Hirudinea (Krodkiewska 2003) .
As anthropogenic water bodies become more and more common and play important roles in the environment, it is difficult to explain why studies of their functioning and structure are so rare. Such investigations seem quite simple from a technical point of view due to the small size of artificial reservoirs and easy access to them. Usefulness of such studies seems obvious. Above all, they provide an excellent opportunity to observe changes in abiotic conditions and biota, which are extremely dynamic immediately after the construction of a reservoir (Voshell&Simmons 1984 , Solimini et al. 2003 . Parallel investigations of abiotic parameters and biota can increase our knowledge of the relationships between these two parts of the ecosystem and improve our understanding of interactions among various ecological groups (plankton, benthos, nekton) . Furthermore, studies on newly created artificial reservoirs allow us to observe the first stages of primary succession and factors affecting this process.
Due to their small size and location (often in strongly industrialized places), artificial water bodies are extremely susceptible to degradation. Thus, taking into account the important, positive influence they exert on the local environment, measures leading to their protection should be taken. However, comprehensive examination of their structure and functioning is necessary to make such protection effective.
Taking into account the above statements, the purpose of the current study is to characterize qualitatively and quantitatively the offshore macrozoobenthos of a small, five-year-old, artificial, post-gravel reservoir. The usefulness of zoobenthos in evaluating the ecological status of old, natural lakes is unquestionable (Saether 1979 , Lindegaard 1995 , Lang 2000 , Verneaux et al. 2004 , Nyman et al. 2005 . Our study on zoobenthos of a young, unstable reservoir, combined with parallel measurements of physical and chemical parameters of the water and sediments, could help determine whether zoobenthos can also be regarded as a good indicator of ecological status in newer, anthropogenic lakes.
MATERIALS AND METHODS

The study area
The Rybnik reservoir was formed in 1993 after an abandoned gravel pit, created during the construction of the Toruń stretch of the A1 motorway, was filled with water. It is located in the Vistula River valley, 9 km south-east of Toruń, near the road to Osiek. This is a small reservoir, 8 ha in area and 240 thousand m 3 in volume. Its mean depth amounts to 3 m, with the maximum being 4.5 m. Maximum length and width of this water body are 537 and 235 m, respectively. Rybnik is not connected with other water bodies by surface waters. Thus, it is supplied only by precipitation and underground waters. Its water level corresponds to the ground-water level and strongly depends on the flow dynamics of the River Vistula (the reservoir is located 1 km from the river).
The shores of the reservoir are quite steep, 2-3 m high, and are overgrown by grass and bushes. The shape of its bottom is typical for artificial post-gravel reservoirs with a uniform shoreline and rapidly increasing depth, so that a few metres off shore it approaches the average depth. The bottom is rather flat, with numerous small depressions and shoals, with the exception of two substantially deeper locations (ca. 4.5 m deep) created by equipment used in gravel extraction. Considerable exposure to wind and the shallowness of the reservoir suggest its polymictic character, while physico-chemical (Marcinkowski 1999) and zooplankton (Przybylak 1998 ) data have demonstrated its high trophy.
Various fish species (e.g. crucian carp, roach, asp, perch) have been introduced to the reservoir since its creation. Perch dominated initially (Olszewska 2005) . Since 1996, Rybnik has been leased by the Toruń Angling Society and is therefore well stocked with fish attractive for anglers. In the years 1997-1999 the biomasses of fish introduced to the reservoir were 1300, 280 and 2200 kg, respectively, including primarily carp, trout and common bream. Additionally, crucian carp, tench, pike-perch, pike, eel and wels were also introduced. Thus, the abundance of fish, particularly benthivorous taxa, is considerable, suggesting their high pressure on the bottom fauna. It is worth noting that frequent fishing can also strongly affect how the reservoir functions, given its small size.
Sampling site description and sampling procedure
Seven sampling sites were fixed in an offshore part of the Rybnik reservoir (Fig. 1) . Sites 1-5 were 3-3.5 m deep, approaching the mean depth of the reservoir. Sites 6 and 7, placed in the two deepest areas, were 4 and 4.5 m deep, respectively. Such distribution of the sampling sites assured highly representative results.
Benthic samples were collected on six dates: 10 November 1998 and 28 April, 29 June, 31 July, 3 September, and 10 November 1999. Samples were not taken during winter, since ice cover was too thin to walk on but prevented the use of a boat. The samples were collected using an Ekman-Birge grab with a catching area of 225 cm 2 . The contents of two grabs constituted a single sample. The collected material was sieved through a 0.5-mm mesh and preserved with 4% formaldehyde. Chironomid larvae were identified according to Wiederholm (1983) and Oligochaeta according to Kasprzak (1981) .
On some dates, selected abiotic parameters of water and bottom sediments were also measured. Water transparency was assessed with a Secchi disk. Oxygen concentration and temperature of the near-bottom water layer (ca. 2-3 cm) were measured by means of a Kajak core sampler, using an oxygen sensor (HANNA Instruments HI 9143 Oxygen Meter). Additionally, in summer, changes of water temperature and oxygenation in the water column along the vertical profile were examined at one of the deepest sites (site 7). Water content in sediments was measured by oven-drying sediments to a constant weight at 105ºC for 24 h. Organic matter content was estimated by heating dried (according to the above procedure) sediments at 550ºC for 2 h.
Data analysis
Total densities of zoobenthos and eubenthos (all taxa excluding planktobenthic Chaoboridae) were compared between the sites and sampling dates using one-way ANOVA. The data were log-transformed to decrease their departures from normality and homoscedasticity assumptions. Tukey's test was used as a post-hoc procedure if ANOVA results were significant.
To assess biodiversity, we calculated the number of taxa (S), Shannon index (H') (log base = 2) and evenness index (J' = H'/logS). To find differences in these parameters between the studied sites and dates, we applied randomization tests using the bootstrap technique, available in PAST 1.54 statistical software (Hammer et al. 2006) . Sequential Bonferroni correction was applied to control for multiple pairwise comparisons.
One-way ANOSIM (analysis of similarities) based on Bray-Curtis distances (Clarke 1993 ) was applied to check the differences in community composition between the studied sites. A separate analysis was used to find differences among the sampling dates. The statistical significance of differences between groups was tested using a randomization test (with 1000 replicates), carried out using a procedure written in Microsoft® Visual Basic for Excel 2000.
To find relationships between sampling dates, sites and taxa, we applied the correspondence analysis (CA), using PAST 1.54 statistical software (Hammer et al. 2006) . The data were log-transformed to dampen the effect of the most abundant taxa. Least abundant taxa (represented by four individuals or less) were removed from the data set to reduce noise.
RESULTS
Abiotic parameters
Water characteristics
Secchi disk visibility usually was ca. 2.0 m, with three exceptions: a much higher value was recorded at the end of April (3.6 m) and the lowest values were recorded in August and September (0.4 and 0.9 m, respectively) ( Table 1) .
Mean oxygenation of water 2-3 cm above the bottom in summer at the shallower sites (1-5) ranged from 3.1 (site 1) to 4.9 (site 3) mg dm -3 O 2 (Table 1) . Considerably lower values were observed at the deeper sites (6 and 7), where mean oxygen concentration was 0.5 and 1.2 mg dm -3 O 2 , respectively. In general, better oxygenation near the bottom was found in the late summer (August/September), when water transparency was the lowest. The lowest value for oxygenation (0.3 mg dm -3 O 2 ) was noted at site 1 in September, just one week after maximum oxygen concentration at this site (the end of August: 6.2 mg dm -3 O 2 ). At all sites, the minimum oxygen concentrations were very low (not more than 0.5 mg dm -3 O 2 ) ( Table 1) . Investigations of water oxygenation along a vertical profile, carried out in summer, showed that a sharp decrease in oxygen concentration to a level below 2.5 mg l -1 occurred in June below 2 m, in July below 3 m and in August only directly near the bottom.
In summer, the mean water temperature near the bottom at sites 1-5 was ca. 20°C (Table 1) . Similar to oxygen concentration, considerably lower values were observed at sites 6 and 7:16.9 and 17.3°C, respectively. Seasonal changes in water temperature also differed between these two groups of sites. At the shallower sites (1-5), the highest temperature was noted at the end of July, while at the deeper sites (6 and 7) they were noted in September. A different pattern was observed at site 1, where the lowest value occurred in September and coincided with the minimum oxygen concentration. At sites 2-5, the lowest summer water temperatures were measured at the end of June (Table 1) . Measurements of water temperature along a vertical profile revealed that in June epilimnion reached the depth of 2 m, while in July and August it was 3 m deep ( Fig. 2B ).
Sediment characteristics
Water content in bottom sediments was similar at all sites (44-57%) except site 3 where it was considerably lower (28%) ( Table 1) .
Organic matter content in sediments was highly correlated with their water content (Pearson's correlation coefficient: r = 0.94). Thus, the lowest value (<1%) was found at site 3, while at the other sites it ranged from almost 3 to 5%. One should note that the within-site variability of the sediment parameters among various sampling dates was very high, particularly at site 6.
Table 1
Abiotic parameters measured at the study area. The values in consecutive rows are mean, minimum and maximum, respectively. For the two latter values, the months of occurrence are shown in parentheses. Temperature and oxygen concentration were only measured in the summer months. Temp.
[ 
Bottom fauna description
General remarks
In total, 18 macroinvertebrate taxa were found in the offshore zone of the studied reservoir (Table 2) , including 10 taxa of Chironomidae larvae, 4 species of Oligochaeta, larvae of Chaoboridae, Ceratopogonidae and Ephemeroptera, as well as Nematoda, which were not identified to the lower taxonomic levels (Table 3) . Among chironomids, Tanytarsus sp. and Chironomus sp. codominated, reaching respectively 44% and 38% of their total density. Oligochaeta were represented mainly by two species: Limnodrilus hoffmeisteri Claparede 1862 and Tubifex tubifex Muller 1774 (58% and 42% of the total oligochaete density, respectively).
The total zoobenthos density exceeded 5200 ind. m -2 (Table 3A) . Larvae of Chaoboridae were the most abundant and constituted almost a half of the total abundance (2500 ind. m -2 ). Chironomids and oligochaetes were also abundant, reaching ca. 1700 ind. m -2 and 900 ind. m -2 , respectively). These three groups of animals constituted as much as 98% of the total benthic fauna density found in the present study.
Total biomass of the zoobenthos amounted to 19 g m -2 (Table 3B ). Chironomids dominated in this respect (10 g m -2 ) over Chaoboridae (nearly 7 g m -2 ). These two groups of organisms comprised 89% of the total zoobenthos biomass. Oligochaetes were the third taxon in this respect, but with a much lower value than the two former (almost 2 g m -2 ).
Spatial changes
The numbers of taxa at sites 4 and 7 (8 taxa) were significantly lower than at the others (12-13 taxa) (Table 2A) . At the deepest sites (6 and 7), the paucity of taxa was accompanied by the lowest biodiversity. The low evenness values at these sites resulted from the strong domination of chaoborid larvae, constituting 70 and 84% of the total abundance of fauna, respectively. The Shannon and evenness indices measured at the deeper sites differed significantly from those found elsewhere, as well as from each other (Table 2A) . On the other hand, the biodiversity measures at site 4 were the highest in the study area (H' = 2.54 and J' = 0.85). The values of the Shannon and evenness indices at sites 2, 3 and 4 differed significantly from those at sites 1 and 5, where biodiversity was slightly lower.
The ANOSIM analysis revealed significant differences in taxonomic composition among the sites, though less pronounced than those among the sampling dates (R = 0.25, p <0.001). In between-sites comparisons, the taxonomic composition of sites 1-4 differed significantly from both deeper sites (6-7). Site 5 was in the middle. Differences between this site and the others were on the border of statistical significance.
CA ordination made it possible to distinguish various sites, but only in summer (Fig. 3) . The sites were separated along the second CA axis, which discriminated the summer samples collected at the shallower sites (1-4) from those taken in the deeper locations (sites 6-7). In the latter samples (the upper left corner of the biplot), the dominance of Chaoboridae was the strongest within the entire study area. At the shallower sites (1-4), occupying the lower left corner of the biplot, chaoborids were also common, but, in addition to them, other taxa, such as oligochaetes, larvae of Chironomus sp. and/or Tanytarsus sp. occurred in considerable quantities. The summer samples from site 5 were spread over the entire left half of the biplot, among those from both the shallower and deeper sites. Fauna at this site was intermediate, with a high dominance of chaoborids, almost devoid of oligochaetes, but quite numerously represented by larvae of Tanytarsus sp. In general, Tanytarsus sp. was much more abundant along the western shore of the reservoir (sites 2, 3 and 5) ( Table 3 ). The two most abundant oligochaete taxa did not reach similar densities at the same sites: T. tubifex was more common at sites 1, 2 and 3, while L. hoffmeisteri inhabited mainly sites 3, 4 and 1.
Table 2
Taxon numbers (S), Shannon biodiversity index (H') and evenness (J') found at the studied sites (A) and sampling dates (B). Values labeled with the same letters did not differ significantly from one another (sequentially Bonferronicorrected randomization tests). Total zoobenthos density did not differ significantly among the sites (ANOVA: F 6, 35 = 0.71, p = 0.642), though it reached the highest value at site 7 (more than 7000 ind. m -2 , mainly Chaoboridae) and the lowest value at site 4 (almost 3000 ind. m -2 ). No changes among the sites were found in the density of total benthos without Chaoboridae (ANOVA: F 6, 35 = 1.09, p = 0.387).
Table 3
Mean density (A) and biomass (B) of zoobenthos taxa at the studied sites. 
Seasonal changes
The numbers of taxa found in spring and autumn (April and November, 13-14 taxa) were twice as high as those noted in summer (June and July, 6 taxa). These two groups of samples differed significantly from each other in this respect (Table 2B ). The highest values of Shannon index were observed in April (2.60) and November 1999 (2.49), and the lowest one in September (0.97). Shannon index values differed from one another except those from June and July (Table 2B ). The lowest evenness of taxa occurred at the sites with the The ANOSIM analysis showed significant differences in taxonomic composition among the sampling dates (R = 0.43, p <0.001). In the pairwise comparisons, significant differences were found among all the sampling dates except for the two summer months (June and July) and both November dates (1998 and 1999) .
The first axis of the Correspondence Analysis (Fig. 3) clearly separated samples collected in April and November (the right part of the biplot) from those taken in summer (on the left in the biplot). Chironomid larvae such as Chironomus sp., Procladius spp. and Polypedilum nubeculosum, as well as Ceratopogonidae reached higher densities or even occurred exclusively in April and/or November. On the other hand, oligochaetes, particularly Tubifex tubifex, reached their maximum abundance in early summer (Table 4 , Fig. 3 ).
The differences in total density between the sampling dates were significant (ANOVA: F 5, 36 = 7.63, p < 0.0001). The lowest values were noted in June and July (2348 and 1396 ind. m 2 , respectively). They were significantly different (Tukey's test) from the highest total densities found in September and November (both 1998 and 1999) (>9000, 6500 and >7000 ind. m 2 , respectively) ( Table 4A ). Most of these differences resulted from the fluctuations in chaoborid abundance, reaching particularly high values in September and minimum abundance in early summer. Furthermore, other dominants, such as Chironomus sp. and Tanytarsus sp. were also much less abundant in June and July (Table 4) , contributing to the above-mentioned variability. Therefore, the differences in benthos density, after excluding phantom midges from the data set, although less pronounced, were still significant (ANOVA: F 5, 36 = 3.29, p = 0.0150).
Seasonal changes in zoobenthos biomass corresponded to the variability of its density: the lowest values were found in June and July (3.98 and 3.20 g m -2 , respectively) and the highest one occurred in November 1999 (almost 30 g m -2 ).
DISCUSSION
The domination structure and abundance of bottom fauna confirm the eutrophic character of the studied reservoir, suggested earlier on the basis of its physical and chemical features (Marcinkowski 1999 , Przybylak 1998 ). Due to its very young age and sandy, rather natural catchment area which is not used by tourists, such a trophic status seems surprising. A fast, though short-lived increase of trophy commonly occurs in newly created dam reservoirs (Krzyżanek 1991) . It is caused by the degradation of submerged terrestrial plants and/or the washing away of nutrients from flooded fertile soil. However, the bottom of the studied reservoir is composed of a mixture of gravel and sand, devoid of vegetation and poor in nutrients. Possibly, its high trophy results from its proximity to the eutrophic River Vistula, which affects the ground waters which are the main water supply for the reservoir. Another peculiar feature of Rybnik Reservoir is the occurrence of sharp oxygen deficiencies in the over-bottom layer of water. Situations like that are known in old, deep, eutrophic lakes, with bottoms covered by a thick layer of muddy sediments rich in organic matter. Due to intensive mineralization processes taking place in their surface layer, hypoxic events near the bottom of such water bodies are common, particularly during summer stratification (Sweerts 1990 ). However, their occurrence in a shallow, young reservoir with a sandy bottom covered only by a thin layer of mud, with low organic matter content, is unexpected. Furthermore, low depth of the reservoir and good wind exposure probably result in its polimictic character. The low oxygen concentration in the near-bottom layer of water might be associated with the fact that the main water supply to Rybnik reservoir comes from the ground waters, which are usually devoid of oxygen and their summer temperature is lower than that of surface waters (Kajak 1998 ). This temperature differential keeps them at the bottom, preventing mixing of water. This hypothesis is further supported by the thermal stratification which developed in Rybnik reservoir during summer despite its shallow depth and good wind exposure. Deteriorating oxygen conditions at the bottom may also be related to the activity of anglers, which commonly visit the reservoir. They use large quantities of artificial fish food (rich in organic matter) to attract fish and often throw its remnants into the water before leaving. However, this hypothesis needs further confirmation.
As mentioned above, taxonomic composition and abundance of macrozoobenthos confirm the high trophy of the studied water body. However, some peculiarities of its bottom fauna deserve particular attention. Zoobenthos density in the offshore zone of the reservoir exceeded 5.2 thousand ind. m -2 , chaoborid larvae being the most abundant component (2.5 thousand ind. m -2 ). They dominated particularly at the deeper sites (6, 7), but were also abundant in the rest of the study area. Since these animals are selectively taken by fish (Horppila&Liljendahl-Nurminen 2005) , they are usually highly abundant in fishless water bodies (Xie et al. 1998) or when suitable shelters are present in the environment (Horppila et al. 2004) . In deeper, stratified lakes, particularly eutrophic ones, they migrate down to the dark, poorly oxygenated hypolimnion (Hanazato 1992 , Horppila&Liljendahl-Nurminen 2005 . Planktivorous fish use sight in foraging (Lind 2003) and are less tolerant of oxygen deficiencies than chaoborids (Hanazato 1992) . Thus, downward migrations make chaoborids inaccessible for their predators, which are unable to penetrate the hypolimnion in search of food. Coexistence of chaoborids and fish is also possible in shallow water bodies, but only when their water is turbid (Wissel et al. 2003 ) and muddy sediments with high water content are present on the bottom. Larvae can quickly burrow into these sediments and avoid predators (Saether 1997) . According to Tsalkitzis et al. (1994) , Chaoborus punctipennis, the smallest representative of Chaoboridae family, is practically invisible to fish due to its small size. Actually, it can even benefit from fish presence since the fish eliminate other chaoborids, that feed on C. punctipennis and compete with it for food. In the present study, the genus Chaoborus was not identified to the species level. However, Ch. punctipennis certainly did not occur in Rybnik reservoir, since it is much smaller than other species (Ch. trivittatus, Ch. flavicans) and would therefore have been easy to distinguish from them. Chaoborids living in the study area were much larger and certainly constituted an attractive food source for fish. Thus, their common occurrence is rather surprising in a shallow reservoir with relatively transparent water (Secchi disk visibility was usually ca. 2 m) and devoid of macrophytes (potential shelters). Certainly, the water turbidity was too low to prevent fish from efficiently feeding on chaoborids (Bristow et al. 1996 , Utne-Palm 1999 . A typical dark and poorly oxygenated hypolimnion, which could be a potential refuge for chaoborid larvae, did not develop in the reservoir. Thus, the only possible shelter for chaoborids was the bottom sediments. However, the bottom of the reservoir in its central part was similar to that of the sublittoral zone of deeper lakes: sandy, with a small admixture of mud. Low water (usually below 50%) and organic matter (below 5%) contents are also typical for this zone. Therefore, the density of these sediments was higher than that of typical profundal sediments, usually preferred by chaoborids. According to LaRow (1969), dense, compact sediments limit locomotion abilities of chaoborid larvae, suggesting that it could be difficult for them to burrow into this type of substratum. However, larvae of Chaoborus sp. are known to locate themselves in the surface layer of sediments, at a depth of ca. 2.5 cm (Gosselin i Hare 2003) . Wang et al. (2001) also observed them just below the well-oxygenated surface (3-5 mm) layer of sediments. In the studied water body, the mud layer on the sandy surface was ca. 2-3 cm thick, so, according to the above-mentioned findings, it could constitute a suitable shelter for chaoborids. It is possible that the oxygen deficiencies occurring near the bottom reduced fish pressure on chaoborids, which increased the efficiency of protection found by larvae in the sediments, despite a very low thickness of the mud layer. This hypothesis was partly confirmed by Dumnicka&Galas (2006) , who studied zoobenthos of the deep (20 m), stratified, artificial Piaseczno reservoir. They found the maximum density of chaoborids at the depth of 5 m, on the hard, sandy and stony bottom with a thin layer of mud. However, in contrast with the results of the present study, near-bottom water in the area examined by the cited authors was well-oxygenated, which made it accessible for fish. One should note that the occurrence of larvae in a very surface layer of sediments does not protect them efficiently against benthivorous fish when oxygen concentration is sufficient for the latter.
Another peculiarity of the studied reservoir was the domination structure of chironomid larvae. The most common taxa were Tanytarsus sp. (722 ind. m -2 ), Chironomus sp. (625 ind. m -2 ) and Procladius spp. (224 ind. m -2 ) constituting altogether 96% of the total chironomid abundance. The large densities of the two latter taxa confirm the high trophy of the reservoir (Giziński et al. 1992 , Vereaux et al. 2004 ), but larvae of Tanytarsus sp. are regarded as indicators of a low trophic level (Wiederholm 1984 , Lindegaard 1995 . Perhaps this discrepancy could be accounted for by the fact that trophic status is usually assessed on the basis of profundal fauna (Giziński et al. 1992 , Koskenniemi 2000 , while in shallow reservoirs a typical profundal zone does not exist. The character of bottom in their offshore zone is more similar to that of sublittoral zones of deeper lakes. The only difference consists in sharp oxygen deficiencies occurring during summer in the offshore zone of shallow reservoirs, which correspond rather to conditions from the profundal of the deep lakes. Thus, it is possible that Tanytarsus sp. occurs in Rybnik reservoir because of suitable substratum availability, while poor oxygen conditions favour Chironomus sp.
Another surprise was the fact that oligochaetes were represented by only two species: Limnodrilus hoffmeisteri and Tubifex tubifex. These ubiquitous taxa are highly tolerant of a wide spectrum of environmental factors and occur commonly in surface waters. It should be noted that another common species, Potamothrix hammoniensis (Mich.), was absent from the studied reservoir, though it usually dominates in oligochaete communities of eutrophic lakes, often being the only representative of this class in the extra-littoral zone (Grigelis 1990 ). The taxonomic poverty of oligochaetes probably results from the young age of the Rybnik reservoir. This supports the hypothesis that these animals are late colonizers of new areas, due to their dispersal mechanisms, which are much less inefficient than those of insects (Solimini et al. 2003) . A comprehensive description of seasonal changes of abundance, biomass, size structure and reproduction of the two dominating oligochaete taxa (T. tubifex and L. hoffmeisteri) appears in a separate paper (Żbikowski 2007) .
The obtained results question the applicability of zoobenthos as a bioindicator of bottom trophic conditions in newly created, shallow, anthropogenic water bodies. Assuming that biocoenosis reflects abiotic conditions of the ecosystem, criteria established for deep, natural lakes do not seem suitable for such assessment in the case of shallow water bodies since environmental conditions in the typical profundal zone of a deep lake are totally different and more stable. The present results demonstrate that oxygen and food conditions in young, shallow reservoirs are highly variable, both temporally and spatially. These conditions are crucial for macrozoobenthos community composition and, on the other hand, reflect the functioning of a reservoir (Voshell&Simmons 1984 , Solimini et al. 2003 . The consequences of such variability of abiotic conditions are highly dynamic taxonomic composition and abundance of the bottom fauna, which makes using this group in bioindication difficult. Of course, it does not preclude its application, but a separate set of criteria, suitable for this type of water body, should be developed in order to assure precise and reliable assessment. The above-mentioned difficulties emphasize the distinctiveness of conditions in young anthropogenic reservoirs and point at the necessity of more intense research on their functioning.
Several questions raised by the present study remain unanswered. At present, it is difficult to explain the mechanisms of the development of a thermal stratification with almost totally deoxygenated near-bottom waters in a shallow, wind-exposed reservoir. Another interesting phenomenon is the high abundance of chaoborid larvae in the presence of a rich fish community and in water of comparatively low turbidity. The co-domination of chironomid taxa typical for extremely different types of lakes also deserves further investigation. Answering the questions stated above will increase knowledge of the structure and functioning of newly created, anthropogenic, shallow reservoirs. Such studies are particularly important, given the high value of these water bodies as landscape elements and the need for their effective protection. These problems have been partly addressed by the present study. However, the obtained results and stated hypotheses need further support and explanations. Thus, there is no doubt that further research dealing with anthropogenic water bodies is definitely needed.
